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PREFACE 


The  study  reported  herein  was  authorized  by  Headquarters ,  U.S.  Army 
Corps  of  Engineers  (HQUSACE),  under  Civil  Works  Research  Work  Unit  32273, 
"Rehabilitation  of  Navigation  Locks,"  for  which  Mr.  James  E.  McDonald  is 
Principal  Investigator.  This  work  unit  is  part  of  the  Concrete  and 
Steel  Structures  Problem  Area  of  the  Repair,  Evaluation,  Maintenance, 
and  Rehabilitation  (REMR)  Research  Program  sponsored  by  HQUSACE.  The 
Overview  Committee  at  HQUSACE  for  the  REMR  Research  Program  consists  of 
Messrs.  James  E.  Crews  and  Bruce  L.  McCartney,  and  Dr.  Tony  C.  Liu. 
Technical  Monitor  for  this  study  was  Dr.  Liu. 

The  study  was  performed  by  ABAM  Engineers  Inc.,  under  contract  to 
the  U.S.  Army  Engineer  Waterways  Experiment  Station  (WES).  The  contract 
was  monitored  by  a  Technical  Review  Board  consisting  of  Dr.  Liu; 

Mr.  Thurman  Gaddie,  Ohio  River  Division;  Messrs.  Don  Logsdon  and 
Denny  Lundberg,  Rock  Island  District;  Mr.  Roy  Campbell,  Sr.,  WES;  and 
Mr.  McDonald,  Chairman.  Principal  investigators  for  ABAM  Engineers  Inc. 
were  Messrs.  Charles  W.  Dolan,  Donald  D.  Magura,  David  C.  Koski ,  and 
Elmer  W.  Ozolin. 

The  study  was  conducted  under  the  general  supervision  of  Mr.  Bryant 
Mather,  Chief,  Structures  Laboratory  (SL),  and  Mr.  John  W.  Scanlon, 

Chief,  Concrete  Technology  Division  (CTD),  and  under  the  direct  super¬ 
vision  of  Mr.  James  E.  McDonald,  Research  Civil  Engineer  (CTD),  who  was 
the  Contracting  Officer's  Representative.  Program  Manager  for  REMR  is 
Mr.  William  F.  McCleese,  CTD. 

COL  Dwayne  G.  Lee,  CE,  is  Commander  and  Director  of  WES.  Dr.  Robert  W. 
Whalin  is  Technical  Director. 
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CONVERSION  FACTORS, 

NON-SI  TO  SI  (METRIC)  UNITS  OF  MEASUREMENT 


Non-SI  units  of  measurement  used  in  this  report  can  be  converted  to 
SI  (metric)  units  as  follows: 


Multiply 

By  . 

To  Obtain 

cubic  feet 

0.02831605 

cubic  metres 

cubic  yards 

0. 7645549 

cubic  metres 

Fahrenheit  degrees 

5/9 

Celsius  degrees  or  kelvins 

feet 

0.3048 

metres 

i nches 

25.4 

millimetres 

kips  (force) 

4.44822 

kilonewtons 

kip- inches 

112.9848 

newton-metres 

kips  (force)  per 
square  inch 

6.894757 

megapascals 

kips  (force)  per 
square  foot 

47.88026 

kilopascals 

ounces  (avoirdupois) 

0,02834952 

kilograms 

pounds  (force)  per 
square  inch 

0.006894757 

megapascals 

pounds  (mass) 

0.4535924 

kilograms 

pounds  (mass)  per 
cubic  foot 

16.01846 

kilograms  per  cubic 

metre 

pounds  (mass)  per 
cubic  yard 

432.49842 

kilograms  per  cubic 

metre 

square  feet 

0.09290304 

square  metres 

*  To  obtain  Celsius  (C)  temperature  readings  from  Fahrenheit  (F) 
readings,  use  the  following  formula:  C  -  (5/9)(F  -  32).  To  obtain 
Kelvin  (K)  readings,  use  K  =  (5/9)(F  -  32)  +  273.15. 
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DESIGN  OF  A  PRECAST  CONCRETE  STAY-IN-PLACE 


PART  I:  INTRODUCTION 
Overview 

1.  The  stay-in-place  forms  project  Is  a  developmental  design 
effort  which  was  Initiated  by  the  Corps  of  Engineers  to  evaluate  the  use 
of  precast  concrete  as  a  means  of  controlling  persistent  cracking  which 
has  been  experienced  on  previous  repairs  of  navigation  locks  using 
conventional  cast- in-place  concrete  and  to  decrease  the  time  the  lock  is 
out  of  service  for  repairs.  Conventional  repairs  to  gravity  lock  struc¬ 
tures  are  typically  made  by  removing  between  1  to  3  ft  of  cor Crete  from 
the  face  of  the  lock  wall  and  casting  an  overlay  repair  using  air- 
entrained  concrete  and  conventional  wood  or  metal  formwork  (Figure  1). 
Cracking  of  the  replacement  concrete  due  to  thermal  and  shrinkage  strains 
in  the  new  concrete  overlay  has  consistently  been  a  problem  using  this 
method  of  repair.  It  has  been  postulated  that  by  using  precast  concrete 
as  a  stay- in-place  form  for  the  replacement,  the  thermal  and  shrinkage 
strains  can  be  controlled  such  that  surface  cracking  of  the  repair  can 
be  eliminated.  The  stay- in-place  forming  system  may  also  improve  the 
construction  schedule  and  reduce  lock  closure  times  over  conventional 
rehabilitation  methods. 

2.  The  Corps  of  Engineers  currently  operates  and  maintains  133 
navigation  locks  which  were  built  prior  to  1940.  More  than  75%  of  these 
older  locks  are  located  in  the  Corps'  North  Central  and  Ohio  River 
divisions,  areas  of  relatively  severe  exposure  to  freezing  and  thawing. 
Due  to  the  age  and  exposure  of  these  structures,,  many  exhibit  significant 
concrete  deterioration  since  the  concrete  in  these  structures  does  not 
contain  intentionally  entrained  air  and  is  therefore  susceptible  to 
damage  from  freezing  and  thawing.  The  extent  of  deterioration  ranges 
from  surface  scaling  to  several  feet  in  depth  and  is  generally  confined 
to  that  area  of  the  wall  above  low-water  pool  elevation.  In  some 
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CONCRETE  REMOVAL 
A  REPLACEMENT 
VARIES  12 *  TO  36" 


TYPICAL.  APPROACH  TO  LOCK  WALL  REHABILITATION 


FIGURE  1 


Instances,  however,  repairs  way  be  required  2  to  3  ft  below  low  pool 
elevation. 

3.  Concrete  removal  Is  usually  accomplished  by  line  drilling 
and  blasting,  or  by  various  nonexplosive  methods.  If  required,  concrete 
removal  continues  beyond  the  removal  line  until  all  unsound  or  deterio¬ 
rated  concrete  has  been  removed.  When  the  concrete  wall  surface 
preparation  Is  completed,  small -diameter  holes  are  drilled  into  the  face 
of  the  wall  into  which  dowels  are  grouted  to  anchor  the  replacement 
concrete  to  the  existing  lock  wall  monolith.  Mats  of  reinforcing  steel 
are  hung  vertically  on  the  dowels.  In  some  cases,  the  reinforcing  mat, 
wall  armor,  and  other  lock  wall  appurtenances  are  Installed  on  the  form 
prior  to  positioning  the  form  on  the  face  of  the  lock  wall.  Once  the 
reinforcement  and  formwork  are  In  position,  replacement  concrete  Is 
placed.  Lift  heights  vary  from  5  ft  to  the  full  wall  height  of  approxi¬ 
mately  40  ft.  Forms  are  typically  removed  beginning  one  day  after 
placement,  and  a  membrane  curing  compound  is  applied. 

4.  One  of  the  most  persistent  problems  in  lock  wall  rehabilita¬ 
tion  using  the  conventional  cast- in-place  repairs  is  cracking  in  the 
replacement  concrete.  To  date,  the  replacement  concrete  in  all  of  the 
Corps'  major  rehabilitation  projects  has  exhibited  some  degree  of 
cracking.  Although  several  variations  in  concrete  materials,  miACure 
proportions,  and  construction  procedures  have  been  used  in  attempts  to 
control  or  eliminate  the  cracking,  only  limited  success  as  been  achieved. 

Objectives 

5.  The  objectives  of  the  stay- in-place  precast  concrete  form 
rehabilitation  project  are  to  develop  a  repair  concept  which  provides 
superior  durability,  minimizes  the  lock  closure  duration,  accommodates 
all  of  the  normal  lo'.k  hardware  and  appurtenances,  and  can  be  imple¬ 
mented  at  a  wide  variety  of  navigation  lock  sites  throughout  the  United 
States.  To  accomplish  these  goals,  the  system  must  satisfy  a  well- 
defined  set  of  durability,  functional,  constructability,  and  cost/ 
schedule  criteria.  Establishing  the  criteria  and  baselines  for  evalu¬ 
ating  the  performance  of  the  system  is  an  integral  part  of  the  project 
and  was  used  in  value  engineering  analyses  of  the  individual  elements  of 
the  system. 
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6.  Tht  project  was  a  two-phased  affort.  The  first  phase,  which 
Is  the  subject  of  this  report,  was  the  engineering  development  portion. 
The  second  phase  was  a  demonstration  project  Implemented  following 
successful  completion  and  evaluation  of  the  Phase  I  work.  Phase  I , 
Concept  Development,  was  performed  In  four  tasks.  The  four  Phase  1 
tasks  were  organized  as  a  filter  system  to  maximize  the  number  of 
possible  options  which  were  considered  and  used  to  test  each  option 
against  a  definitive  set  of  criteria.  Value  engineering  analyses  and 
contractor  Input  were  used  to  select  the  final  concept  which  optimizes 
the  return  Investment.  In  Task  1,  the  project  objectives  and  criteria 
were  defined  and  quantified.  In  Task  2,  the  range  of  possible  solutions 
were  generated  and  qualitatively  evaluated  against  ne  criteria.  The 
purpose  of  Task  3  was  to  refine  the  preferred  concupt  by  definitive 
testing  against  the  objectives,  and  In  Task  4  the  final  plans,  specifi¬ 
cations,  and  estimates  for  the  Phase  II  demonstration  project  were 
prepared. 


7 


PART  II:  CRITERIA 


Introduction 


7.  A  detailed  sot  of  criteria  has  boon  developed  against  which 
to  evaluate  each  of  the  possible  stay- In-place  for*  concept  design 
options.  The  basis  of  the  criteria  is  a  generic  list  of  objectives 
defined  by  the  Corps  In  the  Initial  solicitation.  The  generic  objec¬ 
tives  for  the  stay- In-place  precast  forming  system  are  listed  below: 

a.  Must  be  economically  feasible  In  comparison  with  lock 
wall  refacing  by  conventional  means 

b.  Must  be  of  sufficient  durability  to  protect  the  under¬ 
lying  concrete  froai  further  deterioration  under  antici¬ 
pated  service  condition  (freezing  and  thawing,  wetting 
and  drying,  etc.) 

c.  Must  be  anchored  and  fully  bonded  to  the  existing  lock 
wal 1  concrete 

d.  Must  be  capable  of  accommodating  the  usual  lock  wall 
appurtenances.  Including  wall  armor,  corner  protection, 
exit  ladders,  line  hooks,  and  floating  mooring  bltts 

e.  Panel  sizes  must  be  such  that  they  can  be  transported 
and  erected  using  conventional  equipment 

f.  Must  not  seriously  affect  appearance  or  operation  of  the 
navigation  lock 

g.  For  purposes  of  the  design,  a  lock  wall  monolith  width 
of  30  ft  and  a  height  of  40  ft  to  be  refaced  was  assumed 

8.  From  this  list,  specific  criteria  were  developed  which  are 
grouped  into  four  broad  categories:  durability,  functionality,  con¬ 
structability,  and  cost/schedule.  Each  of  these  categories  is  described 
below. 


Durability 

9.  The  durability  objectives  of  the  repair  Include  eliminating 
surface  cracking,  providing  suitable  resistance  to  cycles  of  freezing 
and  thawing  for  the  replacement  concrete  and  substrates,  assessing  creep 
characteristics  of  prestressed  options,  and  providing  adequate  cover  or 
physical  protection  for  reinforcing.  Each  of  these  objectives  was 
evaluated  in  the  design  of  the  various  precast  options. 
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10.  Differential  strains  between  old  and  new  concrete  are  a 
rasult  of  thermal,  shrinkage,  creep  and,  to  some  extent,  external  actions. 
The  most  significant  source  oJLstrain. in  conventional  repairs  appears  to 
be  the  result  of  both  plastic  and  autogenous  shrinkage  strains  in  the 
fresh  concrete  repair.  Thermal  strains  are  important;  however,  they  do 
not  appear  to  be  the  principal  cause  of  the  persistent  cracking  that  has 
been  observed.  The  reasons  for  suspecting  shrinkage  as  the  primary 
cause  is  based  in  part  on  reports  from  the  Corps  of  cracking  appearing 
on  repairs  within  24  hours  of  placing  the  cast-in-place  overlay,  and 
even  as  the  forms  are  being  removed.  Thermal  tensile  strains  would  not 
be  predominant  at  this  early  age  since  hydration  of  the  repair  concrete 
would  still  be  active.  Also,  cracking  has  appeared  in  structures  con¬ 
structed  in  hot  weather  reducing  the  influence  of  thermal  "shock"  during 
form  removal . 

11.  Several  options  exist  for  mitigating  the  influence  of  shrink¬ 
age  and  thermal  strains.  Such  options  include  the  use  of  low-heat 
concrete  mixture  designs  which  utilize  fly  ash,  chilled  aggregates,  and 
mixture  water,  or  by  using  other  admixtures  designed  to  limit  the  amount 
or  rate  of  heat  generation  within  the  replacement  concrete.  Shrinkage 
strains  can  be  controlled  through  the  use  of  suitable  curing  practices 
or  by  limiting  the  free  surface  area  of  the  concrete  overlay.  Unavoid¬ 
able  cracking  can  be  made  more  palatable  by  using  control  joints  or  by 
using  reinforcing  to  distribute  the  cracks  and  limit  crack  widths. 

12.  Long-term  durability"  of  the  repair  requires  that  adequate 
resistance  to  cycles  of  freezing  and  thawing  (the  primary  cause  of  the 
deterioration  of  lock  walls)  be  provided  in  the  structure.  Due  to  the 
age  of  the  structures,  the  concretes  used  in  the  original  construction 
were  not  intentionally  air  entrained  and  were  not  designed  to  be  imperme¬ 
able.  Consequently,  the  structures  are  susceptible  to  deterioration 
from  freezing  and  thawing.  Another  aspect  of  this  type  of  deterioration 
that  must  be  assessed  is  the  possibility  of  moisture  collecting  behind 
the  repaired  surface  where  it  could  freeze  and  form  ice  lenses.  These 
ice  lenses  would  result  in  debonding  of  the  surface  overlay  and  eventual 
deterioration  of  the  surface.  If  free  moisture  can  be  trapped  beneath 
the  repair  and  if  it  is  susceptible  to  freezing,  then  it  must  be  allowed 
to  drain. 
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13.  The  preferred  choice  for  any  repair  to  the  navigation  locks 
Is  to  use  air-entrained  concrete.  Entrained  air  has  been  demonstrated 
to  be  instrumental  in  improving  resistance  of  concrete  structures  to 
freezing  and  thawing.  In  addition,  impermeability  of  the  mixture  is 
important  to  prevent  moisture  penetration  through  the  repair  where  it 
might  cause  continued  deterioration  of  the  substrates.  Concrete  protec¬ 
tion  for  reinforcing  also  needs  to  be  considered.  Adequate  cover  for 
reinforcing  must  be  provided  to  prevent  corrosion. 

Functionality 

14.  Functionality  criteria  for  the  precast  forming  system  require 
that  it  serve  to  adequately  support  the  loads  imposed  by  the  infill 
concrete,  that  it  accommodate  all  of  the  normal  lock  hardware  and  appur¬ 
tenances,  that  the  panels  accommodate  tolerances  on  fabrication  and 
erection,  and  that  suitable  deta  Is  are  incorporated  in  the  panel  design 
to  resist  abrasion  and  impact  from  use  of  the  lock.  Normal  structural 
design  of  the  forming  system  will  account  for  the  loads  imposed  on  the 
panels.  Careful  attention  to  detailing  is  necessary  to  satisfactorily 
provide  for  fabrication  and  erection  tolerances.  Precast  concrete  is 
somewhat  unforgiving  when  misfitting  or  poorly  aligned  panels  are  to  be 
incorporated  into  the  work.  Therefore,  connections  and  inserts  must  be 
detailed  to  allow  for  normal  construction  tolerances  and  practices. 

15.  For  the  precast  system  to  serve  as  a  viable  alternative  to 
conventional  repairs,  it  must  accommodate  all  of  the  lock  hardware  and 
appurtenances.  In  addition,  panel  joints  must  be  armored  where  they  are 
susceptible  to  impact  and  abrasion.  Standard  hardware  may  need  to  be 
modified,  or  special  hardware  developed  to  allow  it  to  be  integrated 
into  the  precast  repair  system. 

Constructability 

16.  The  overriding  benefit  to  the  use  of  precast  concrete, 
stay-in-place  forms  for  navigation  lock  repairs  is  in  the  construct¬ 
ability  improvements  that  they  offer.  These  benefits,  stated  as 
criteria  for  the  system  design,  require  that  the  system  provide  for 
maximum  scheduling  flexibility,  that  it  be  suitable  for  use  at  a  wide 
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variety  of  construction  sites  and  precasting  facilities,  that  panel 
sizes  be  favorable  to  local  transportation  restrictions,  that  a  maximum 
of  out-of-lock  preassen.-ly  be  accomplished,  and  that  special  techniques 
and  equipment  usage  be  minimized. 

17.  Constructability  benefits  are  best  realized  by  careful 
design  and  detailing  of  the  panels.  Embedding  all  armor  and  appurtenances 
in  the  panels;  designing  and  detailing  the  panels,  connections,  and  form 
ties  to  allow  for  rapid  erection;  full -height  concrete  placements; 
interchanging  of  pieces;  and  limiting  the  size  and  weight  of  the  panels 
are  all  important  to  the  success  of  tne  system. 

18.  Industry  standard  practices  should  be  employed  in  the  panel 

fabrication  to  permit  the  panels  to  be  produced  locally  or  at  remote 
sites.  Concrete  mixture  designs  should  allow  for  local  aggregates  and 
materials  to  be  used.  Prestressing  may  be  employed  when  plant  production 
of  the  panels  is  possible.  " 


Cost/Schedule 


19.  The  criteria  developed  for  evaluating  the  precast  stay- in- 
place  forming  system  are  based  on  a  typical  30-ft-wide  by  40-ft-high 
concrete  wall  refacing.  Cost  and  schedule  data  were  developed  from 
repairs  performed  at  the  Brandon  Road  and  Lockport  locks  on  the  Illinois 
Waterway  and  from  standard  cost  estimating  and  scheduling  methods.  The 
schedule  criteria  are  considered  to  be  of  paramount  importance  for  the 
design  of  the  precast  panel  system,  since  a  primary  objective  of  the 
stay- in-place  form  repair  is  to  reduce  the  lock  closure  duration.  Cost 
data  are  used  for  comparison  purposes  only. 

20.  Figure  2  illustrates  the  baseline  schedule  criteria  developed 
for  a  conventional  cast-in-place  repair.  The  baseline  indicates  that  a 
conventional  repair  requires  approximately  64  hours  of  effort  to  reface 
the  typical  monolith  wall.  The  schedule  duration  for  a  large  repair 
job,  however,  would  be  roughly  one  half  or  32  hours  per  monolith  due  to 
overlapping  work  on  adjacent  monoliths  as  indicated  by  Monoliths  V 
through  W  at  the  bottom  of  Figure  2.  A  contractor  operating  with  experi¬ 
enced  crews  and  performing  shift  work  could  be  expected  to  reface  one 
monolith  every  two  to  three  days. 
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STAY-IN-PLACE  FORM  LOCK  REHABILITATION 
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21.  The  conventional  rehabilitation  projects  generally  Involve 
maintenance  work  to  ancillary  lock  facilities  such  as  gates,  electrical 
systems,  or  controls.  With  the  conventional  repair,  this  work  may  be 
accomplished  concurrent  with  Wall  resurfacing  work.  The  schedule  base¬ 
line  assumes  that  wall  refacing  work  Is  pacing  the  construction  schedule, 
however. 

22.  Table  1  illustrates  the  baseline  cost  criteria  developed  for 
a  cast- in-place  repair  and  is  used  for  comparing  relative  costs  of  the 
stay- in-place  form  systems.  The  costs  indicate  that  a  conventional 
repair  should  cost  on  the  order  of  $137  per  square  foot  of  lock  wall 
surface. 
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PART  III:  PREPARATION  OF  ALTERNATIVES 


Introduction 

23.  The  range  of  possible  options  for  achieving  the  project 
objectives  was  evaluated  through  a  process  of  valu*  engineering.  The 
process  involved  listing  the  available  design  alernatives  and  then 
evaluating  the  attributes  of  the  option  against  the  criteria  and  objec¬ 
tives.  The  design  alternatives  which  were  considered  can  be  categorized 
as  materials  related,  system  configuration  variables,  and  panel  types 
and  sizes.  An  evaluation  system  was  used  to  establish  the  relative 
preferences  of  each  of  the  options  which  were  considered.  The  selection 
of  a  most  advantageous  combination  of  panel  design  features  was  then 
made. 


Material  Options 

24.  The  material  options  which  were  evaluated  in  the  precast 
stay-in-place  forming  system  design  were  concrete  mixture  variables, 
reinforcing  ootions,  and  the  possible  use  of  surface  treatments  for  the 
panels.  Rehabilitation  of  the  lock  walls  will  likely  include  a  minimum 
of  two  separate  concrete  mixture  designs.  One  mixture  will  be  propor¬ 
tioned  specifically  for  the  precast  form  elements  with  resistance  (dura¬ 
bility)  to  freezing  and  thawing,  low  moisture  absorption  qualities, 
abrasion  resistance,  and  strength  as  predominant  criteria.  A  second 
mixture  for  the  infill  concrete  will  be  proportioned  with  low  hydration 
temperatures  and  high  workability  with  rapid  slump  loss  as  primary 
criteria.  Reinforcing  is  provided  as  necessary  to  satisfy  strength  and 
serviceability  criteria.  Conventional  mild  steel  reinforcing,  prestress 
ing,  or  fiber  reinforcing  options  are  considered.  Surface  treatments 
are  possible  means  of  improving  the  durability’of  the  precast  concrete 
panels.  Such  treatments  might  include  surface  hardeners  or  sealers  to 
improve  the  abrasion  resistance  and  moisture  absorption  qualities  of  the 
concrete. 


Concretes 

25.  Conventional  Concrete.  The  use  of  conventional  concrete  was 
assumed  to  represent  the  oasellne  case  for  evaluating  material  options 
In  panel  performance.  Conventional  concrete  as  defined  for  this  evalu¬ 
ation  consists  of  moderate- strength  (f^  *  4000  psi),  air-entrained 
concrete.  Such  concrete  Is  considered  typical  concrete  that  m.ght  be 
usc.1  for  a  conventional  lock  repair.  A  conventional  concrete  mixture, 
while  used  as  the  baseline  for  material  performance,  may  be  improved  by 
the  addition  of  suitable  admixtures  and  by  design  and  quality  control  as 
discussed  below.  Functionally,  a  conventional  concrete  mixture  Is 
nearly  as  good  as  some  of  the  enhanced  mixtures  which  were  evaluated; 
however,  its  long-term  durability  and  abrasion  resistance  may  be  somewhat 
less.  A  conventional  mixture  may  also  prove  difficult  to  place  under 
certain  circumstances  without  admixtures  to  improve  workability.  How¬ 
ever,  the  cost  of  conventional  mixtures  is  the  least  of  any  of  the 
mixtures  evaluated. 

26.  Precast  Quality  Mixtures.  Precast  quality  concrete  is 
assumed  to  be  6500-psi  compressive  strength  concrete.  The  material  and 
batching  controls  necessary  to  achieve  the  higher  strength  will  result 
in  enhancements  in  its  long-term  durability.  In  particular,  the  perme¬ 
ability  of  the  concrete  will  be  reduced  to  the  point  that  it  will  be 
virtually  unaffected  by  cycles  of  freezing  and  thawing.  With  a  moderate 
amount  of  entrained  air,  a  precast  quality  concrete  should  exhibit 
improved  durability  and  abrasion  resistance  over  conventional  mixtures. 
Admixtures  may  need  to  be  introduced  into  the  mixture  to  improve  work¬ 
ability.  The  cost  premium  for  precast  quality  concrete  is  low. 

27.  Fly  Ash  Concrete.  The  use  of  fly  ash  in  the  mixture  is  con¬ 
sidered  beneficial  in  controlling  thermal  properties  of  the  mixture,  in 
improving  the  workability  of  the  fresh  concrete,  and  in  reducing  the 
cost  of  the  mixture  through  cement  replacement.  The  use  of  fly  ash  in 
the  mixture  also  reduces  the  permeability  of  the  mixture  and  increases 
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the  compressive  strength  of  the  concrete  at  later  ages. 

28.  Polymer  Concretes.  Several  types  of  polymer  concretes  are 
available.  All  offer  greatly  improved  strength  and  durability  over 
typical  concrete  mixtures.  Polymer  concretes,  however,  have  significant 
constructability  disadvantages  in  relation  to  the  typical  concrete 
mixture  types.  The  need  to  polymerize  the  mixture  through  the  use  of 
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hast  or  radiation  provides  a  severe  restriction  In  considering  these 
materials  for  this  application.  The  special  equipment  required  for  such 
a  process  severely  limits  the  number  of  facilities  that  could  fabricate 
panels.  In  addition,  a  system  which  relies  upon  highly  specialized 
expertise  for  a  key  element  In  the  construction  Is  subject  to  wide 
schedule  or  price  variation.  The  cost  of  polymer  concrete  Is  the  primary 
detriment  of  this  material.  Polymer  concrete  mixture:  might  prove  to  be 
economically  viable  fcr  relatively  small  repairs,  however.  Polymer 
mixtures  were  therefore  evaluated  In  conjunction  with  the  very  thin 
panel  types  and  for  the  bonded  repair  techniques. 

29.  Silica  Fume  Concrete.  Silica  fume  added  to  the  concrete 
mixture  has  recently  been  used  as  a  cement  substitute  to  increase  the 
compressive  strength,  greatly  reduce  the  permeability,  and  improve  the 
abrasion  resistance  of  the  concrete.  However,  the  impact  resistance  of 
the  concrete  may  be  reduced.  Silica  fume  additives  have  historically 
been  rather  expensive.  With  the  commercial  introduction  of  silica  fume 
additives,  the  cost  and  availability  of  the  material  should  improve. 
Nevertheless,  the  use  of  silica  fume  is  believed  to  have  adverse  cost 
and  schedule  implications  as  compared  to  a  conventional  or  precast 
quality  mixture. 

30.  Fiber-Reinforced  Concrete.  Nonmetal  lie  fiber  additives  in 
the  concrete  mixtures  could  improve  the  durability  of  the  concrete; 
however,  the  cost  and  constructability  of  the  mixture  would  be  adversely 
affected.  Glass  fiber  reinforcements  (GFRs)  are  often  used  to  increase 
the  tensile  strength  and  ductility  of  the  concrete.  GFR  concretes, 
however,  are  often  difficult  to  place  and  are  typically  employed  in 
specialized  products  such  as  pipe  where  these  enhanced  properties  are 
especially  beneficial.  The  long-term  durability  of  GFR  concretes  has 
not  yet  been  demonstrated. 

Reinforcing 

31.  Conventional  Mild  Steel.  Conventional  mild  steel  reinforcing 
for  the  precast  panels  was  used  as  the  baseline  for  comparison  of  the 
various  reinforcing  options.  Mild  steel  designed  and  detailed  to  satisfy 
the  provisions  of  applicable  codes  should  be  adequate  for  strength  and 
serviceability  performance.  Loads  due  to  panel  handling  may  require 
special  consideration.  Limiting  crack  widths  to  ensure  durability  of 
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the  panels  In  the  wet/dry  environment  Is  necessary  for  satisfactory 
long-term  performance. 

32.  Prestressino  Strand.  Prestressing  was  evaluated  as  a  means 
to  accommodate  construction  loads  due  to  handling  the  precast  panels,  to 
Improve  the  serviceability  stresses,  and  for  crack  control.  The  dis¬ 
advantages  of  prestressing  are  the  Increased  cost  and  the  special 
facilities  required  to  prestress  the  panels.  On-site  prestressing  Is 
highly  Improbable  ut less  a  mobile  stressing  bed  were  available.  There¬ 
fore,  prestressing  was  only  considered  as  an  option  if  required  for 
stress  and  serviceability  reasons. 

33.  Steel  Fiber  Reinforcing.  Steel  fiber  reinforcing  like  GFRC 
has  been  used  to  Improve  the  tensile  strength  and  ductility  of  concretes. 
Like  GFRC,  steel  fiber  reinforcing  is  typically  used  In  specialized 
applications  and  where  the  facilities  are  available  to  produce  the 
product.  The  primary  disadvantage  of  steel  fiber  reinforcement  is  the 
cost. 

Special  Treatments 

34.  Untreoted  Concrete.  Untreated  precast  panels  were  considered 
as  the  base  case  for  evaluating  the  merits  of  the  treatments  which  were 
considered.  Untreated  panels  should  perform  satisfactorily;  however, 
surface  treatments  may  offer  substantial  improvements  to  performance  at 

a  nominal  cost.  For  this  reason,  surface  treatments  were  evaluated. 

35.  Surface  Hardeners.  Several  types  of  commercial  surface 
treatments  are  available  which  render  a  very  hard,  abrasion- resistant 
finish  to  concrete  surfaces.  These  treatments  are  typically  used  on 
floors  of  warehouses  where  heavy  loads,  impact,  and  abrasion  are  present. 
The  typical  treatment  involves  applying  a  powdered  product  to  the  fresh 
concrete  finish  and  troweling  it  into  the  surface.  Spray  applications 
are  also  available.  The  product  is  either  a  metallic  or  nonmetal  lie 
powder  which,  when  worked  into  the  surface  of  the  fresh  concrete,  creates 
a  hard,  dense,  impermeable  finish.  Metallic  hardeners  tend  to  discolor 
and  rust  the  surface  when  used  in  moist  environments.  The  products 
could  be  applied  to  the  inside  surface  of  the  precast  panel  form  prior 
to  placing  the  concrete  in  the  form,  thereby  creating  a  panel  with  a 
hardened  surface. 
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36.  Surface  Sealants.  Surface  sealants  are  typically  spray- 
applied  products  designed  to  seal  the  surface  of  the  concrete  and  prevent 
moisture  loss.  The  product  Improves  the  hydration  of  the  concrete  near 
the  surface  and  results  in  a  more  durable  surface.  Sealants  also  assist 
in  preventing  moisture  penetration  Into  the  surface  and  thereby  Improve 
the  resistance  to  freezing  an:*  thawing  deteriuratlon.  The  use  of  surface 
sealants  to  assist  In  curing  the  precast  panels  in  the  fabrication  yard 
is  a  possibility.  The  long-term  performance  of  surface  sealants  in  the 
abrasive  environment  of  a  navigation  lock  is  questionable. 

Panel  Systems  and  Configurations 

37.  Two  primary  panel  support  systems  were  evaluated,  a  system 
consisting  of  panels  supported  from  the  monolith  with  form  ties  and  a 
system  which  used  external  bracing  systems  to  support  the  panels  during 
the  infill  concrete  placing.  A  third  type,  consisting  of  bonded  panels, 
was  evaluated  but  is  not  considered  to  be  practical  for  large  areas  of 
repair.  With  each  of  the  support  systems  that  was  considered,  the 
panels  can  be  oriented  either  vertically  or  horizontally.  There  are 
then  four  combinations  of  panel  support  systems  and  configurations  which 
were  evaluated. 

Tied  Panel  System 

38.  The  tied  panel  system  uses  form  ties  to  maintain  the  align¬ 
ment  of  the  panels  and  to  support  the  loads  of  the  infill  concrete 
placement.  The  ties  may  also  be  used  to  replace  the  concrete  anchors 
normally  used  in  Corps  lock  rehabilitation  work.  Advantages  of  the  tied 
panel  system  are  that  no  major  equipment  is  required  in  the  lock  during 
panel  installation  and  concrete  piecing  activities.  The  contractor  also 
has  greater  flexioilitv  in  scheduling  and  sequencing  the  work.  The  lock 
may  be  returned  to  use  soon  afte*'  the  infill  concrete  has  been  placed 
and  consolidated.  Th.s  system  would  allow  wofk  to  be  performed  on  an 
operational  lock  vith  only  minor  disruptions  in  normal  lock  traffic 
during  concrete  panel  installation  and  concrete  placement  activities. 

39.  A  disadvantage  of  the  tied  panel  system  is  that  it  depends 
heavily  on  the  ability  of  the  ties  and  panel  connections  to  accommodate 
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the  maximum  out-of- tolerance  condition.  If  through  tie  holes  are  pro¬ 
vided  In  the  panels,  they  will  require  patching.  Also,  the  maximum  size 
of  panel  that  may  be  used  with  this  system  mqy  be  governed  by  the  capacity 
of  the  form  ties.  Concrete  placement  rates  may  need  to  be  restricted  to 
control  loads  on  the  panels  or  the  ties. 

Externally  Braced  System 

40.  The  externally  braced  system  uses  a  temporary  support  struc¬ 
ture  within  the  lock  to  support  the  precast  panels  while  placing  the 
Infill  concrete.  The  brace  needs  to  bo  designed  to  support  the  full 
pressure  of  the  wet  concrete  and  may  become  quite  substantial,  depending 
on  the  height  of  placement.  On  the  Brandon  Road  lock  rapair,  the  ex¬ 
tractor  used  a  falsework  truss  to  support  monolith  placements  on  each 
side  of  the  lock  concurrently.  The  truss  spanned  the  full  width  of  the 
lock. 

41.  Advantages  of  the  external  bracing  system  are  that  It  does 
not  rely  on  the  wall  anchorage  system,  It  can  minimize  tolerance  Inter¬ 
faces,  It  can  accommodate  large  panel  sizes,  and  lock  hardware  and 
appurtenances  can  be  Incorporated  with  minimal  interference.  Disadvan¬ 
tages  of  the  system  are  that  major  equipment  Is  required  in  the  lock 
throughout  the  repair,  the  panels  must  be  installed  between  the  brace 
and  the  lock  wall,  the  normal  concrete  anchorage  system  is  still  required, 
and  the  cost  of  bracing  must  be  included  in  the  cost  of  the  repair. 

Vertical  Arrangement 

42.  The  vertical  panel  arrangement  requires  that  full-height  of 
panel  infill  concrete  placements  be  used.  Consequently,  the  form  ties 
or  external  braces  must  be  designed  for  the  full-height  concrete  loads. 
Joints  between  panels  must  be  match  cast,  armored,  and  of  close  tolerance 
to  prevent  excessive  abrasion  from  passing  barge  traffic.  Horizontal 
armor  must  consist  of  relatively  short  segments,  making  them  more  prone 
to  damage  from  misalignment  at  the  joints.  The  full-height  concrete 
placements  may  result  in  a  shorter  overall  construction  schedule,  assuming 
that  all  work  is  performed  on  an  out-of- service  lock. 
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Horizontal  Arrangement 

43.  Thlt  arrangement  hat  two  faaturas  which  anhanca  tha  panel's 
durability  ara  constructability  over  tha  vertical  arrangement.  First, 
the  panel  joints  are  oriented  horizontally  where  they  will  be  less  prone 
to  abrasion  from  passing  barge  traffic.  Horizontal  armor  may  run  the 
full  width  of  the  mono' 1th  and  possibly  be  Incorporated  Into  the  panel 
horizontal  joints.  Second,  the  ability  to  control  Infill  concrete 
pressures  with  stagtd  lifts  results  In  a  reduction  In  the  potential  for 
stress  cracking  of  the  panel.  Staged  concrete  lifts  may  lengthen  the 
overall  construction  schedule.  However,  the  lock  may  continue  In  opera* 
tlon,  provided  a  tied  support  system  Is  used. 

Panel  Types 


Hollow  Core  Panels 

44.  Hollow  core  precast  panels  are  often  used  In  building  con* 
struct Ion  as  floor,  roof,  or  wall  elements.  They  have  the  advantage  of 
being  relatively  lightweight,  fire-resistant,  and  economical  for  that 
application.  They  are  produced  In  a  sllpform  fashion  by  casting  the 
concrete  around  a  mandrel  which  moves  as  the  panel  Is  cast.  The  primary 
disadvantages  with  the  use  of  hollow  core  elements  for  lock  rehabilita¬ 
tion  work  Is  that  the  panels  are  not  particularly  durable.  The  cores 
would  need  to  be  filled,  and  the  sllpform  casting  process  does  not 
readily  accommodate  lock  hardware  and  appurtenances. 

Flat  Slab  Panels 

45.  Flat  slab  panels  are  considered  to  be  the  most  likely  choice 
for  the  stay-in-place  forming  elements.  The  principal  advantages  are 
the  ease  of  production  and  handling  and  the  versatility  of  the  panels 
to  a  wide  range  of  specific  size  and  configuration  requirements.  Dis¬ 
advantages  Include  the  possible  need  for  stiffening  or  mechanical  inter¬ 
lock  on  the  interior  face  of  the  panel  to  arichor  it  to  the  substrate. 

Oouble-T  and  Tri-Slab  Panels 

46.  Double-T  panels  are  considered  to  be  a  special  case  of  the 
flat  panel  system.  Backside  stiffeners  in  the  form  of  ribs  could  be 
added  to  the  flat  panels  to  assist  in  resisting  the  infill  concrete 
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pressures.  Disadvantages  to  this  configuration  Include  the  difficulty 
In  forming  the  panels  and  Integrating  the  lock  hardware  and  appurtenances 
Into  the  panel.  Other  problems  Include  Interferences  between  the  panel 
ribs  and  concrete  anchors  protruding  from  the  aonollth  wall. 

Thick  or  Thin  Panels 

47.  The  possible  use  of  exceptionally  thick  or  thin  panels  was 
evaluated  to  ascertain  any  potential  advantage  afforded  by  these  options. 
Thin  panel  systeas  offer  the  advantage  of  light  weight;  however ,  they 
cannot  accoaaodate  lock  hardware  easily,  and  they  will  Invariably  require 
supplemental  exterior  bracing  to  carry  the  Infill  concrete  pressures. 
Thin  panels  are  viable  for  repair  of  small  areas  by  directly  bonding  the 
small  thin  panels  to  the  substrate  using  epoxy  bonding  agents;  however, 
tney  are  less  effective  If  there  are  large  variations  In  the  depth  of 
the  wall  to  be  repaired.  Such  panels  could  be  produced  from  very  durable 
materials.  Thick  panels  have  the  advantage  of  readily  accommodating 
lock  hardware;  however,  they  are  difficult  to  handle  and  may  be  more 
costly  than  the  thinner  panel  systems. 

Qualitative  Comparisons  and  Findings 

48.  A  value  engineering  analysis  was  performed  on  the  various 

material,  support,  configuration,  and  panel  type  options  that  were 
considered.  The  analysis  used  a  qualitative  comparison  technique  in 
which  the  relative  merits  of  the  option  were  evaluated  against  an  arbi¬ 
trary  baseline  measure  of  performance.  A  value  was  assigned  to  the 
option  in  each  of  the  four  primary  criteria  categories,  depending  on 
whether  that  option  was  judged  to  perform  better  or  worse  than  the 
baseline  in  that  category.  The  four  primary  criteria  which  were  con¬ 
sidered  are  durability,  functionality,  constructability,  and  cost/ 
schedule.  The  values  and  their  assignment  basis  were  as  follows: 

Value  Definition 

0  Baseline  performance  of  option  against  criteria 

-1  Option  exhibits  fewer  criteria  attributes  than 

the  baseline  option 
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+1  Option  exhibits  greater  criteria  attributes  than 
the  baseline  option 

-2  Option  exhibits  low  degree  of  criteria  attributes 
♦2  Option  exhibits  high  degree  of  criteria  attributes 

49.  The  results  of  the  value  engineering  comparisons  are  shown 
In  Table  2.  The  value  engineering  analysis  results  provide  an  overall 
rating  of  one  option  In  relation  to  another.  From  these  results,  a 
preferred  choice  of  precast  stay-in-place  form  design  features  can  be 
made.  The  preferred  panel  configuration  consists  of  a  tied,  flat  panel 
constructed  of  precast  quality  concrete  and  oriented  In  a  horizontal 
arrangement. 

50.  The  basis  for  selecting  this  configuration  for  further 
refinement  may  be  summarized  as  follows.  Precast  quality  concrete  meets 
the  primary  objective  of  providing  sufficient  durability  for  lock  exposure 
and  application.  The  tied  horizontal  panel  arrangement  provides  the 
greatest  degree  of  flexibility  In  scheduling  and  sequencing  of  the  work 
and,  potentially,  may  allow  rehabilitation  work  to  be  performed  on  an 
operational  lock.  Flat  panels  are  the  obvious  option  of  choice;  however, 
stiffening  may  be  required  to  carry  infill  loads. 
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PART  IV:  REFINEMENT  OF  ALTERNATIVES 


Introduction 


51.  Using  the  preferred  forming  system  identified  in  Part  III, 
paragraphs  48  through  50,  a  detailed  quantitative  investigation  was 
conducted  to  determine  actual  sizes  of  form  panels,  tie  details,  hard¬ 
ware  details,  etc.  These  details  were  then  extrapolated  to  the  scaled- 
down  demonstration  installation  which  is  to  be  carried  out  in  Phase  II 
of  the  project. 


Loading  Criteria 

52.  The  controlling  loading  for  design  of  the  forming  system  is 
the  lateral  pressure  exerted  on  the  formwork  by  the  fresh  infill  concrete. 
Other  secondary  loadings  included  temporary  construction  and  wind  load¬ 
ings  on  the  erected  formwork  and  strain  loadings  due  to  the  shrinkage 
and  thermal  effects  of  the  infill  concrete. 

53.  The  selection  of  the  design  lateral  pressure  affects  not 
only  panel  and  tie  design  but  also  impacts  construction  methods  and 
cost.  An  iterative  process  was  therefore  used  to  select  an  allowable 
lateral  formwork  pressure  which  results  in  a  workable  panel  design  based 
on  the  criteria  outlined  in  the  next  section  yet  does  not  adversely 
impact  construction.  A  pressure  of  1.25  ksf  was  selected,  which  corre¬ 
sponds  to  potential  placement  rates  between  5  and  9  ft  per  hour  based  on 
guidelines  developed  by  the  concrete  industry.  Use  of  a  pressure  due  to 
an  unlimited  placement  rate  was  found  to  result  in  excessive  panel 
thickness  for  even  the  narrowest  panels.  For  the  baseline  40-ft-high 
monolith,  the  unlimited  pressure  would  be  approximately  6.0  ksf. 

54.  Due  to  the  sensitivity  of  the  overall  forming  concept  to  the 
lateral  formwork  pressure,  any  reductions  in  pressures  would  result  in 
an  overall  cost  reduction  for  this  repair  procedure.  The  concrete 
industry  guidelines  used  to  select  the  design  pressure  are  based  on 
historical  data  and  cover  a  wide  range  of  common  formwork  and  concrete 
placement  practices.  This  project  will  involve  very  specific  and  con¬ 
trolled  practices  which  can  be  directed  at  reducing  the  pressures  and 
use  of  general  guidelines  may  be  overrestrictive.  However,  quantitative 
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data  must  be  gathered  in  order  to  justify  reduced  design  pressures  and 
appropriate  quality  control  measures  must  be  instituted  to  assure  that 
the  specified  materials  and  practices  are  followed. 

Panel  Design 

55.  The  formwork  panels  have  been  sized  to  provide  strength  and 
serviceability  consistent  with  their  required  function.  As  stated  in 
Part  I  of  this  report,  the  elimination  of  surface  cracking  is  the  main 
thrust  of  this  project.  For  this  reason,  serviceability  criteria  have 
controlled  much  of  the  detailed  design  of  the  panels. 

56.  The  design  procedure  generally  followed  the  requirements  of 
ACI  318,  "Building  Code  Requirements  for  Reinforced  Concrete."  Due  to 
the  importance  of  the  serviceability  criteria,  flexural  design  was  based 
on  the  ACI  318  Alternate  Design  Method  -  Appendix  B  (Working  Stress 
Design).  As  a  cross-check,  the  Strength  Design  Method  was  also  used 
with  a  load  factor  of  1.9  applied  to  the  lateral  pressure  as  recommended 
in  Corps  publication  ETL  1110-2-265. 

57.  Based  on  the  studies  described  in  Part  III,  panel  widths 
ranging  between  5  and  10  ft  were  deemed  optimum  from  a  constructability 
viewpoint.  These  panel  widths  require  horizontal  tie  spacings  at 
approximately  one  half  of  the  width  of  the  panel  in  order  to  maintain 
workable  tie  loads.  This  combination  of  panel  width  to  tie  spacing 
produces  a  vertical  load  path  for  distributing  the  lateral  pressures. 
Therefore,  panels  have  been  designed  as  one-way,  simply  supported  vertical 
beams.  The  assumed  load  path  was  confirmed  by  finite  element  computer 
analysis  for  a  span  length  to  tie  spacing  ratio  of  1.5.  Only  minimal 
two-way  load  distribution  was  noted. 

58.  The  principal  serviceability  criteria  include  cracking, 
deflection,  and  reinforcement  cover.  Design  for  crack-free  panels 
without  prestress  results  in  either  narrow  or  thick  panels,  each  having 
constructability  and  cost  impacts.  The  use  of  prestress  in  the  vertical 
direction  to  avoid  cracking  is  impractical  due  to  the  lack  of  development 
lengths  for  strands  to  transfer  the  prestress  force  into  the  panels. 

59.  Serviceability  criteria  was  derived  from  ACI  224R,  "Control 
of  Cracking  in  Concrete  Structures,"  which  contains  guidelines  for 
acceptable  crack  widths  for  various  exposure  conditions.  The  design 
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criteria  selected  to  provide  optimum  serviceability  for  the  leave- i re¬ 
place  formwork  includes  the  combination  of  maximum  estimated  crack 
widths  of  0.010  in.  due  to  formwork  pressures  and  minimum  concrete  cover 
at  the  exposed  surface  of  2  in.  A  minimum  concrete  cover  of  3/4  in. 
will  be  used  on  the  interior  panel  surfaces. 

60.  Panel  bulging  or  deflections  due  to  the  lateral  infill 
concrete  pressures  were  maintained  within  the  erection  tolerances.  This 
serviceability  requirement  did  not  control  the  design  even  though  cracked 
section  properties  were  used  in  the  deflection  computations. 

61.  Erection  and  handling  stresses  were  investigated  assuming 
several  lifting  arrangements  in  order  to  ascertain  that  adequate  panel 
strength  was  available  in  the  longitudinal  direction.  The  panels  were 
checked  for  a  dead  load  of  160  pcf  plus  25%  impact  factor.  Lifting 
inserts  and  embedments  common  to  the  tilt- up  building  construction 
industry  are  likely  to  be  used  for  panel  handling. 

Form  Tie  Design 

62.  Form  tie  loads  were  calculated  using  the  design  lateral 
pressure  in  conjunction  with  tributary  areas.  The  resultant  tie  force 
which  incorporates  the  worst  cumulative  effect  of  erection  and  precasting 
tolerances  can  result  in  tie  loads  approximately  1.5  times  the  horizontal 
reaction.  Several  form  tie  concepts  were  investigated  with  the  optimum 
choice  being  a  weldable  grade  reinforcing  bar  grouted  into  the  lock 
wall.  The  rebar  tie  is  welded  to  a  plate  embedded  in  the  precast  panel. 
For  the  test  installation,  a  factor  of  safety  of  3  on  the  resultant 
working  load  was  selected  to  ensure  redundancy  and  improve  reliability. 

63.  To  simplify  details,  the  ties  were  designed  for  tension 
loads  only.  Separate  compression  struts  or  kickers  are  provided  to 
resist  inward  construction,  wind,  or  tie  pretension  loads.  Since  the 
ties  are  grouted  into  lock  walls  of  varying  strengths,  the  capacity  of 
the  ties  must  be  verified  by  actual  field  pullout  testing  to  confirm  the 
anticipated  pullout  strengths. 

64.  The  tie  system  replaces  the  No.  6  bar  dowels  on  2-  and  4- ft 
centers  which  have  been  previously  used  for  the  all-cast.-in-place  repair 
procedure.  The  tie  system  provides  a  permanent  connection  to  the  form 
panel.  One  other  major  difference  between  precast  and  cast- in-place 
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(CIP)  repair  procedures  is  the  elimination  of  the  reinforcing  mat  in  the 
CIP  infill  concrete. 

Detai 1 s 

65.  Details  have  been  developed  to  enable  incorporation  of  all 
typical  lock  hardware  with  the  stay- in-place  form  lock  repair  procedure, 
either  by  casting  the  hardware  directly  into  the  form  panel  or  locating 
the  hardware  at  panel  joints.  Additional  details  specific  to  this 
repair  procedure  have  also  been  developed  to  assist  with  panel  erection 
or  to  ensure  watertightness.  Panels  will  be  cast  with  the  exterior  face 
down  against  the  formwork  in  order  to  obtain  a  dense  surface  free  of 
rock  pockets  and  air  bubbles  and  to  obtain  a  rough  texture  top  surface 
to  bond  with  the  infill  concrete.  This  also  enables  careful  positioning 
of  the  embedments  prior  to  placing  concrete. 

66.  Horizontal  armor,  due  to  the  limitations  of  the  form  panel 
thicknesses,  has  been  made  more  compact.  Depth  of  continuous  plates 
embedded  into  the  panel  have  been  limited  to  the  depth  of  concrete  cover 
in  order  to  minimize  impact  on  panel  strength.  Headed  concrete  anchors 
which  anchor  the  armor  behind  the  reinforcing  mat  are  provided.  The 
flexibility  during  handling  of  the  revised  armor  may  require  fabrication 
in  shorter  lengths  and  splicing  with  field  welds  immediately  prior  to 
placing  in  the  forms.  Horizontal  armor  for  the  demonstration  project 
has  been  sized  full  scale  and  will  enable  evaluation  of  the  armor 
handling  flexibility. 

67.  The  line  hook  has  been  incorporated  into  the  precast  form 
panel  but  has  been  detailed  so  that  the  mooring  loads  are  transferred 
into  the  infill  concrete  through  bearing  and  use  of  a  drag  strut. 
Reinforcing  bars  have  been  doweled  into  the  monolith  in  the  immediate 
vicinity  of  the  line  hook  and  project  into  the  postulated  tension  failure 
wedge  created  by  the  drag  strut.  Additional  vertical  bars  are  installed 
from  the  top  of  the  form  panel  after  erection.  These  bars  also  pass 
through  the  failure  wedge  and  serve  to  transfer  the  mooring  load  into 
the  monolith. 

68.  Check  posts  and  horizontal  corner  armor  are  hardware  items 
that  will  be  located  within  the  CIP  concrete  cap  section  at  the  top  of 
the  lock.  Existing  hardware  details  may  be  used,  except  that  some  local 
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areas  of  additional  lock  face  may  need  to  be  removed  to  incorporate  the 
posts.  Existing  vertical  armor  units  may  also  be  used.  These  are 
typically  located  along  the  lock  at  points  with  major  setbacks  or  geometry 
changes  where  a  GI.P'  transition  section  may  be  required.  The  vertical 
armor  is  not  Intended  for  use  at  vertical  panel -to-panel  joints. 

69.  Major  lock  appurtenances  such  as  ladders  and  floating  mooring 
bitts  are  Integrated  into  the  design  by  using  short  precast  panels 
adjacent  to  these  items.  Conventional  supports  and  embedment  details 
are  to  be  used  to  anchor  these  appurtenances  to  the  monolith. 

70.  Panel -to-panel  joints  have  been  detailed  to  aid  In  the 
erection  of  panels  and  to  maintain  a  waterproof  seal.  The  key  feature 
which  will  assist  with  the  erection  is  a  tapered  lap  joint  and  alignment 
angle.  Tolerances  of  the  joint  will  limit  relative  horizontal  displace¬ 
ment  between  form  panels  to  approximately  1/8  in.  Two  different  seal 
systems  are  provided.  At  the  more  frequent  horizontal  joint,  a  durable 
50-durometer  seal  will  be  installed,  and  the  weight  of  the  form  panel 
will  compress  the  seal.  In  addition,  a  thin  nonshrink  grout  layer  will 
be  provided  to  further  seal  the  joint.  At  the  less  frequent  vertical 
seals,  an  asphalt- impregnated,  open-cell  foam  will  be  used.  This  type 
of  seal  is  highly  compressible  and  can  tolerate  more  movement.  The  ease 
with  which  these  types  of  seals  compress  will  simplify  the  form  panel 
erection. 

71.  All  bottom  form  panels  include  vertical  alignment  screws. 
These  hardware  items  enable  fine-tuning  the  location  of  the  lowest 
panel,  which  supports  the  remaining  panels.  Therefore,  a  tight  tolerance 
at  this  location  is  important  to  maintaining  the  tolerance  over  the  full 
height  of  the  overall  panel  installation.  At  other  horizontal  joints, 
elevations  will  be  controlled  by  spacers  or  form  ties  supported  off  the 
lower  panel.  The  alignment  screws  have  been  designed  to  support  the 
cumulative  weight  of  all  panels  for  the  full  height  of  a  monolith  and  a 
portion  of  the  dead  weight  of  the  infill  concrete.  It  has  been  assumed 
that  form  ties  provide  no  contribution  to  supporting  vertical  loads. 


PART  V:  RECOMMENDATIONS ,  FINDINGS,  AND  CONCLUSIONS 


System  Description 

72.  The  preferred  stay- in-pi ace  forming  system  is  illustrated  in 
Figure  3.  It  consists  of  horizontal  precast  panels  constructed  of 
conventional  precast  quality  concrete.  The  panels  are  tied  to  the 
monolith  along  the  top  and  bottom  edges  using  form  ties  designed  to 
support  the  loads  of  the  Infill  concrete  placement.  Infill  concrete  is 
proportioned  for  optimum  workability  and  to  minimize  shrinkage  and 
thermal  strains. 

73.  The  panel  design  may  be  adapted  to  allow  for  work  to  proceed 
in  a  "wet,"  operational  lock,  but  disruption  of  normal  lock  traffic 
would  be  expected.  This  goal  may  be  accomplished  by  using  special 
frames  to  support  and  align  the  bottom  panel  below  water  level  while  the 
infill  concrete  for  the  bottom  lift  is  tremied  behind  the  panel.  Once 
the  bottom  lift  has  been  placed,  a  clean  work  surface  above  low-pool 
water  level  is  available  for  subsequent  panel  installation  and  concrete 
placements.  A  suggested  detail  illustrating  this  approach  is  shown  in 
Figure  4. 

74.  The  panels  are  detailed  with  alignment  keys  along  their 
edges  to  facilitate  installation.  Placement  of  the  bottom  panel  must  be 
accomplished  within  tight  tolerances  to  prevent  accumulation  of  mis¬ 
alignment  errors  as  the  panels  above  are  set.  For  this  reason,  alignment 
screws  are  provided  to  adjust  the  elevation  of  the  bottom  panel.  In 
actual  conditions,  overbreakage  along  the  bottom  edge  of  the  concrete 
removal  area  may  require  special  details  to  be  developed  for  properly 
aligning  the  bottom  panel,  which  may  have  some  impact  on  repair  costs. 
There  are  numerous  methods  that  may  be  used  to  prevent  or  overcome 
overbreakage.  Figure  4  illustrates  one  method  to  accommodate  over¬ 
breakage  so  the  panels  can  be  aligned  without  a  uniform  bearing  surface. 
The  overbreakage  would  be  repaired  as  part  of  the  infill  concrete  place¬ 
ment.  It  is  also  possible  to  have  the  closure  form  only  to  a  height 
where  a  ledge  can  be  cast  that  would  accommodate  panel  installation.  A 
third  possibility  is  to  saw  cut  a  horizontal  joint  that  introduces  a 
failure  plane  minimizing  or  preventing  overbreakage.  This  process  will 
provide  a  flat  bearing  surface  to  set  the  lowest  panel. 
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75.  Form  ties  may  be  any  commercial  or  specially  designed  product 
capable  of  carrying  the  loads  of  the  infill  concrete  and  of  accommodating 
the  construction  tolerances  that  may  be  encountered.  Standard  manu¬ 
factured  form-tie  products  were  investigated,  but  the  lack  of  simple 
connections  to  the  existing  lock  wall  and  precast  panels  and  limited 
work  space  led  to  the  selection  of  a  welded  rebar  tie  system.  Welds  to 
plates  embedded  in  concrete  are  routinely  performed  in  the  precast 
concrete  industry  without  thermally  damaging  the  concrete.  The  ties 
must  be  installed  snug  with  kickers  and  wedges  or  similar  means  prior  to 
placing  infill  concrete.  A  minimum  factor  of  safety  of  3.0  on  the 
ultimate  strength  of  the  tie  is  recommended  for  design. 

76.  Panel  joints  should  be  tight  fitting  to  prevent  moisture 
penetration  between  the  panels  where  it  could  freeze.  The  detail  which 
has  been  developed  utilizes  compressed  neoprene  seals  and  nonshrink 
grout  filler  in  the  panel  joint  to  ensure  watertightness. 

77.  Lock  hardware  and  appurtenances  are  integrated  into  the 
panel  design  to  the  maximum  extent  possible,  resulting  in  the  need  to 
develop  special  armor  hardware  which  will  not  compromise  the  integrity 
of  the  panels.  Other  standard  lock  hardware  and  appurtenances  may  be 
readily  incorporated  into  the  rehabilitation  project  which  uses  the 
precast  system.  Several  details  which  illustrate  how  the  precast  stay- 
in-place  panels  interface  with  standard  lock  hardware  and  appurtenances 
are  shown  in  Figures  5  and  6. 


Cost  Analysis 

78.  The  estimated  construction  cost  for  lock  wall  rehabilitation 
using  the  precast  stay- in-place  forming  system  described  above  is  approxi¬ 
mately  $119  per  square  foot  of  lock  wall  face.  This  cost  compares  with 
approximately  $137  per  square  foot  for  conventional  rehabilitation 
methods. 

79.  The  costs  are  broken  down  as  shown  in  Table  3.  The  cost 
estimates  are  based  on  an  average  concrete  removal  depth  of  16  in.  for  a 
typical  rehabilitation  project.  Also,  it  is  assumed  that  some  special 
allowance  must  be  made  to  install  the  bottom  panel  below  low-pool  water 
level.  The  case  of  full-height  infill-concrete  placements  was  used  for 
comparison  purposes.  It  is  also  possible,  however,  to  use  staged 
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FIGURE  5 
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LOCK  WALL  REHABILITATION  AT  FLOATING  MOORING  BIT 

FIGURE  6 


placements.  The  cost  estimate  dots  not  Include  costs  attributable  to 
loss  of  revenue  or  any  other  consequential  costs  associated  with  loss  of 
use  of  the  facility.  It  should  be  noted,  however,  that  such  costs  are 
potentially  less  for  the  precast  system  since  Much  of  the  work  nay  be 
done  with  minimized  Impact  on  normal  lock  operations. 

Schedule  Analysis 

80.  A  construction  schedule  assessment  of  the  precast  stay-in- 
place  forming  system  Is  shown  In  Figure  7.  The  schedule  Indicates  a 
total  work  duration  of  30  hours  to  reface  a  typical  lock  wall  monolith 
based  on  overlapping  activities  on  adjacent  monoliths.  Work  on  the 
adjacent  monolith's  segments  Is  Identified  as  Monoliths  V  through  W  In 
Figure  7.  This  schedule  compares  with  32  hours  estimated  for  the  con¬ 
ventional  repair  system.  However,  the  total  time  that  the  lock  must  be 
out  of  service  during  the  use  of  the  precast  system  Is  estimated  at  only 
16  hours  per  monolith  which  demonstrates  the  significant  advantage  of 
the  precast  system  over  the  conventional  repair  system.  Restricted 
operation  of  the  lock,  such  as  limiting  available  widths,  may  also  be 
required. 


Conclusions 


81.  The  precast  concrete  stay- in-place  forming  system  is  a 
viable  method  for  lock  wall  rehabilitation.  The  system  results  in  a 
repair  of  superior  durability  without  the  persistent  cracking  which  has 
been  experienced  on  conventional  cast- in-place  repairs.  The  system  can 
accommodate  typical  lock  hardware  and  armor  installation  and  does  not 
adversely  affect  the  function  of  the  repaired  facility.  Another 
advantage  of  the  system  is  the  potential  reductions  that  may  be  achieved 
in  the  length  of  time  that  the  lock  must  be  closed  to  traffic.  With 
proper  detailing,  sequencing,  and  scheduling  of  work  activities,  the 
rehabilitation  work  may  be  accomplished  with  minimized  impact  on  normal 
lock  traffic. 
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FIGURE  7 


Table  1  (Rev.  1  10/1/86) 
Cost  Estimate  Basel Ine 

A  * **ft 

Item  Description 

Quantl  ty 

l  ui  "i’— rm—l 

•Concrete  removal 

72,250  cf 

$  25.00 

$1,806,250.00 

•‘Concrete  anchors 

3,785  ea 

48.00 

181,680.00 

••Reinforcing  bar 

174,100  lb 

1.31 

228,071.00 

••Fabric  reinforcing 

2,700  sf 

0.63 

1,701.00 

•Concrete,  Type  C 

2,820  cy 

700.00 

1,974,000.00 

•Concrete,  Type  D 

850  cy 

210.00 

178,500.00 

•Armor,  government-furnished 

258,100  lb 

4.00 

1,032,400.00 

•Armor,  contractor- furnished 

121,900  1b 

4.00 

487,600.00 

••Line  hooks 

30  ea 

479.00 

14,370.00 

••Ladders,  lock  face 

4  ea 

6,702.00 

26,808.00 

Subtotal 

Engineer's  estimated  cost  per 

sq  ft  of  lock  wall  face 

$5,931,380.00 

$137.05 

Bases:  o  Based  on  Brandon  Road  Lock  repair  (December  1983) 
o  Approximately  43,280  sq  ft  of  wall  surface 
o  Costs  do  not  Include  moblllzatlon/demoblllzatlon,  dewatering 


*  1986  unit  costs  furnished  by  Rock  Island  District 

**  1984  prices  Increased  by  10%  to  1986  prices 
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(continued) 


Table  3  (Rev,  1  10/1/86)* 
Precast  System  Cost  Analysis 


Item  Description 

Unit  Cost 

Total 

Concrete  Removal 

1,600  cf 

$  25.00 

$  40,000.00 

Surface  Preparation  and  Layout 

1,200  sf 

1.00 

1,200.00 

Precast  Panels 

Fabricate 

Reinforcing 

8,360  lb 

0.90 

7,524.00 

*  Armor 

4,700  lb 

4.00 

18,800.00 

Concrete 

24  cy 

1,850.00 

44,400.00 

Install 

*  Form  Ties 

160  ea 

50.00 

8,000.00 

Align  and  Set 

8  ea 

900.00 

7,200.00 

Cast- in- PI  ace  Concrete 

Formwork 

70  sf 

30.00 

2,100.00 

*  Armor 

970  lb 

4.00 

3,880.00 

*  Filler  Concrete 

34  cy 

210.00 

7,140.00 

*  Structural  Concrete 

3  cy 

700.00 

2,100.00 

Cure 

100  sf 

2.00 

200.00 

Subtotal 

Estimated  cost  per  sq  ft  of  lock  wall  face 

$142,544.00 

$118.79 

Bases: 


o  Based  on  a  typical  30-ft  wide  x  40-ft  high  monolith 
o  Assumes  16- in.  average  depth  of  concrete  removed 
o  Costs  do  not  include  mobilization/demobilization,  dewatering 
o  Costs  do  not  include  refurbishing  ancillary  facilities 


*  1986  unit  costs  furnished  by  Rock  Island  District 
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SECTION  1 

GENERAL  PROVISIONS 


1.1  GENERAL 

1.1.1  Description  of  Work 

a.  This  work  consists  of  demonstrating  the  feasibility  of  repairing 
deterioriated  navigation  lock  wall  surfaces  through  the  use  of 
precast,  stay- in-place  concrete  form  panels  in  conjunction  with 
cast-in-place  concrete  bonding  layers.  This  work  will  be 
performed  on  dry  land  at  the  Corps  of  Engineers,  uaterways 
Experiment  Station,  using  an  existing  one-half  scale  lock  wall 
mock-up  section. 

b.  The  work  includes  providing  all  materials,  labor,  inspections, 
tests,  and  supervision  required  for  a  complete  installation  as 
shown  on  the  drawings  and  described  in  these  specifications. 

1.1.2  Definitions 

a.  Corps:  Shall  mean  the  Corps  of  Engineers  who  is  responsible 
for  commissioning  the  work.  The  Corps  shall  have  the  final 
determination  regarding  interpretation  of  contract  drawings  and 
speci f ications. 

b.  Engineer:  Shall  mean  ABAM  Engineers  Inc.  who  is  responsible 
for  design  of  the  precast  concrete  stay-in-place  forming  system 
and  who  shall  perform  reviews  of  Contractor's  submittals, 
independent  inspections,  and  surveillance  of  the  work,  and 
whose  personnel  will  be  available  to  provide  direction  of  the 
work  and  interpretation  of  the  design  requirements. 

c.  Contractor:  Shall  mean  Premier  Waterproofing,  Inc.  who  is 
responsible  for  performing  all  work  as  described  in  the  speci¬ 
fications  and  on  the  drawings. 

1.1.3  Prosecution  of  the  Work 


a.  The  stay- in-place  precast  form  demonstration  project  will  be 
carried  out  at  the  Corps'  Waterways  Experiment  Station  in 
Vicksburg,  MS.  Contractor  shall  be  required  to  abide  by  Corps' 
rules  and  regulations  regarding  use  and  access  to  Corps' 
facilities.  Such  regulations  shall  include  requirements  for 
environmental  protection,  health  and  safety,  security  and  labor 
relations. 
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b.  Corps'  and  Engineer's  personnel  will  be  performing  inspections 
and  tests  in  conjunction  with  Contractor's  work.  Full  coopera¬ 
tion  shall  be  given  to  Corps'  and  Engineer's  personnel  to 
install  instrumentation,  monitor  and  inspect  the  work. 

c.  Direction  of  the  work  will  be  given  by  the  Engineer.  In  case 
of  conflict.  Contractor  shall  notify  Engineer  for  resolution. 

1.1.4  Quality  Control 

a.  Contractor  shall  perform  all  work  in  accordance  with  referenced 
specifications  and  standards. 

b.  Contractor  shall  maintain  records  of  tests  and  inspections  as 
required  to  demonstrate  compliance  with  referenced  standards. 
Such  records  shall  be  made  available  to  the  Engineer  or  to  the 
Corps  upon  request. 

1.1.5  Submittals 


a.  Contractor  shall  submit  copies  of  all  required  drawings,  test 
results,  inspections,  and  documentation  as  required  by  these 
specifications  to  the  Engineer.  Contractor  shall  allow  7  days 
for  review  of  submittals  by  Engineer. 

b.  Submittals  will  be  reviewed  by  the  Engineer  for  compliance  with 
the  contract  requirements  and  returned  either  reviewed  without 
comment,  disapproved,  or  reviewed  with  comment.  For  those 
submittals  disapproved  or  reviewed  with  comments,  Contractor 
shall  make  the  required  changes  and  resubmit  such  submittals 
for  rereview. 

c.  Contractor  shall  not  proceed  with  work  contingent  upon  Engineer's 
review  until  satisfactory  review  of  necessary  submittals  has 
been  completed,  unless  written  direction  to  proceed  is  received 
from  the  Engineer. 

d.  Contractor  shall  supply  samples  of  materials  used  in  the  work 
to  Corps'  or  Engineer's  personnel  as  requested.  Such  samples 
will  be  considered  incidental  to  the  work  and  will  be  used  by 
the  Corps  or  Engineer  to  verify  material  properties  or 
performance. 

1.1.6  Housekeeping  and  Cleanup 

a.  Contractor  shall  maintain  work  area  in  a  neat  and  orderly 
fashion.  Work  area  shall  be  cleaned  daily  at  the  close  of 
work. 

b.  Refuse,  shipping  and  packaging  materials,  wasted  material  and 
products,  and  discarded  samples  shall  be  disposed  of  as  required 
by  the  Corps. 
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1.1.7  Project  Photographs 

The  Contractor  shall  submit  five  copies  of  a  photographic  report 
consisting  of  approximately  30  photographs  showing  the  different 
stages  of  construction.  Photographs  shall  be  taken  by  a  competent 
photographer  and  shall  be  black  and  white,  standard  commercial 
quality,  8  x  10  in.  in  size,  and  on  single-weight  glossy  paper.  The 
negatives  of  all  photographs  shall  also  be  submitted. 

The  photographs  shall  be  enclosed  in  standard  three-ring  binders  in 
back-to-back  double-faced  plastic  sleeves.  Each  print  shall  have  an 
information  band  along  the  front  bottom  edge  with  a  description  of 
the  photograph's  content,  reference  negative  number,  and  date  photo¬ 
graph  was  taken. 

As  a  minimum,  pictures  of  the  following  items  or  activities  shod  be 
included  in  the  report: 

o  Formwork  and  formwork  detail « 

o  Reinforcement  installed  in  the  forms 

o  Steel  hardware  with  views  of  hardware  positioned  in  the  forms 
o  Precast  panel  casting  operation 
o  Panel  handling  and  transportation 

o  View  of  the  existing  monolith  with  surface  prep  completed 

o  Tie  and  dowel  hole  drilling 

o  Tie  and  dowel  installation 

o  Tie  and  dowel  testing 

o  Panel  installation  including  completed  tie  connection,  installation 
of  seals  and  grout  layer. 

o  Placement  of  the  infill  concrete 

o  Details  of  auxiliary  formwork  and  reinforcement  for  the  closure 
cap 

o  General  view  of  the  completed  installation 
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SECTION  2 
PRECAST  CONCRETE 


2. 1  GENERAL 

2.1.1  Work  Included 

The  work  incluu*s  all  materials  and  workmanship  required  for  fabri¬ 
cation,  delivery,  handling,  and  erection  of  precast  concrete  leave- 
in-place  form  panels. 

*!.  1.2  Related  Work 

Related  work  includes  fabrication  of  lock  hardware  and  appurtenances 
and  production  and  placing  of  cast-in-place  concrete  work. 

2.1.3  References 

a.  ACI  301:  Structural  Concrete  for  Buildings 

b.  ACI  318:  Building  Code  Requirements  for  Reinforced  Concrete 

c.  PCI  Design  Handbook:  Precast  and  Prestressed  Concrete 

d.  PCI  MNL-116:  Manual  for  Quality  Control  for  Plants  and  Produc¬ 
tion  of  Precast  Prestressed  Concrete  Products 

2.1.4  Submittals 


a.  Contractor  shall  submit  shop  and  erection  drawings  for  all 
precast  elements.  Drawings  shall  indicate  fabrication  details, 
reinforcing,  connection  details,  support  items,  dimensions,  and 
temporary  attachments  and  work. 

b.  Contractor  shall  submit  details  showing  proposed  methods  of 
lifting,  handling,  storing,  and  erecting  precast  elements. 

c.  Weights  of  precast  elements  shall  be  computed  and  listed  on 
shop  drawings. 

d.  Contractor  shall  submit  results  of  tests  on  materials  as  speci¬ 
fied  in  Paragraphs  2.2.1  and  2.3.3. 

e.  Concrete  mixture  designs  and  qualifying  data. 

f.  Catalog  cuts  of  other  miscellaneous  products  to  be  incorporated 
into  the  work  such  as  nonshrink  grout,  joint  seals,  tie  and 
dowel  bonding  agents,  etc. 
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2.1.5 


Quality  Control 


a.  All  worn  shall  be  performed  in  accordance  with  PCI  Design 
Handbook  -  Precast  and  Prestressed  Concrete,  and  ACI  301  Struc¬ 
tural  Concrete  for  Buildings. 

b.  Precast  concrete  work  shall  be  performed  by  experienced  fabri¬ 
cators  qualified  in  accordance  with  PCI  MNL-116,  Manual  for 
Quality  Control  for  Plants  and  Production  of  Precast  Prestressed 
Concrete  Products. 

2.1.6  Delivery.  Storage,  and  Handling 

a.  Delivery,  storage,  and  handling  of  precast  concrete  elements 
shall  be  performed  in  such  a  manner  as  not  to  adversely  affect 
their  appearance  or  use.  Panels  shall  not  be  lifted  from  the 
forms  until  panel  strength  has  reach  0.7  f'. 

v 

b.  Design  of  lifting  embedments  and  handling  devices  shall  be  the 
responsibility  of  the  Contractor.  Contractor  shall  provide 
details  of  proposed  lifting  methods,  attachments,  and  devices 
for  engineer's  review.  Handling  e;.ibeds  shall  not  be  installed 
in  the  exposed  exterior  face  of  the  panels. 

c.  Panels  shall  be  lifted  only  T>om  suitably  designed  lifting 
hardware  embedded  into  the  panel  or  with  the  use  of  slings 
properly  placed  and  rigged  to  prevent  damage  to  the  panels. 

d.  Panels  shall  be  adequately  supportea  at  all  times  with  suitable 
cribbing  and  bracing  during  shipping  and  storage  to  prevent, 
inadvertent  damage  from  incidental  loads  or  movements. 


2.2  PRODUCTS 
2.2.1  Materials 

a.  Concrete:  Precast  concrete  materials  shall  conform  to  the 
following  requirements: 

o  Cement:  Cement  shall  conform  to  the  requirements  of  ASTM 
C  150. 

o  Aggregate:  Aggregate  shall  conform  to  the  requirements  of 
ASTM  C  33. 

o  Air-entraining  admixture:  Material  shall  conform  to  ASTM 
C  260. 

o  Water-reducing  admixture:  Material  shall  conform  to  ASTM 
C  494. 

o  Pozzolan:  Pozzolan  shall  conform  to  ASTM  C  618. 
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Precast  concrete  mixture  shall  be  designed  to  satisfy  the 
following  requirements.  Prior  to  commencing  operations,  the 
Contractor  shall  furnish  the  proportions  of  all  ingredients 
that  will  be  used  in  the  manufacture  of  precast  concrete  panel 
elements. 

Concrete  mixture  proportions  shall  be  selected  to  satisfy  the 
following  requirements.  The  proportions  may  be  based  on  past 
field  experience  or  on  trial  mixtures  in  accordance  with  ACI  318, 
paragraphs  4.2  and  4.3.  Contractor  shall  provide  data  demon¬ 
strating  that  the  proposed  mixture  satisfies  the  following 
requirements: 

o  Minimum  28-day  compressive  strength:  6,500  psi 
o  Maximum  coarse  aggregate  size:  3/4  in.  nominal 
u  Minimum  entrained  air:  5  to  7% 
o  Maximum  water  cement  ratio:  0.40 
o  Minimum  cement  content:  540  Ib/cy  (6-sack  mixture) 
o  High  range  water  reducer  (maximum).  5  oz/100  lb  cement 

b.  Reinforcing:  Mild  steel  reinforcing  shall  be  new  billet  steel 
bar  conforming  to  the  requirements  of  ASTM  A  615,  Grade  60. 

c.  Ties:  Weldable  grade  reinforcing  steel  conforming  to  the 
requirements  of  ASTM  A  706,  Grade  60,  shall  be  used  for  form 
ties. 

d.  Prestressing  strand:  Prestressing  strand,  if  used,  shall 
conform  to  the  requirements  of  ASTM  A  416,  Grade  270. 

e.  Welded  wire  reinforcement:  Welded  smooth  wire  fabric  shall 
conform  to  the  requirements  of  ASTM  A  185. 

f.  Nonshrink  grout:  Grout  for  horizontal  construction  joints 
shall  be  a  prepackaged,  cementitious  based/natural  aggregate, 
nonshrink  grout.  Mixing  water  shall  be  added  in  accordance 
with  the  manufacturer's  recommendations  to  obtain  a  plastic 
consistency  which  will  level  off  and  redistribute  under  the 
pressure  of  the  upper  precast  panel. 

2,2.2  Accessories 


a.  Hardware  and  accessories  shall  be  incorporated  into  the  work  as 
shown  on  the  drawings.  Hardware  and  accessories  shall  be 
fabricated  in  accordance  with  Section  4. 

b.  Epoxy  grout  shall  be  Concressive  1463  as  manufactured  by  Adhesive 
Engineering  Co.,  Carlstadt,  NJ,  or  equal.  Epoxy  grout  shall  be 
mixed  and  applied  in  accordance  with  epoxy  manufacturer's 
recommendations. 

c.  Form  ties  shall  be  capable  of  withstanding  the  full  anticipated 
load  of  concrete  infill  placement  with  a  safety  factor  of  at 
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least  3.0  on  failure  of  the  tie.  Ties  shall  be  anchored  to 
monolith  concrete  using  epoxy  grout  or  polyester  resin  cartridge 
anchors. 

d.  Bearing  pads  and  horizontal  joint  seals  shall  be  preformed 
neoprene  material  of  the  size,  dimensions,  and  characteristics 
shown  on  the  drawings.  Vertical  joint  seals  shall  be  an 
asphalt- Impregnated,  open-cell  foam. 

2.2.3  Fabrication 


a.  Precast  panels  shall  be  fabricated  to  the  dimensions  shown  on 
the  drawings.  Dimensional  tolerances  shall  not  exceed  in  those 
specified  in  Section  2.2.4. 

b.  All  reinforcing,  inserts,  hardware,  and  appurtenances  shall  be 
located  as  required  and  securely  anchored  to  prevent  movement 
during  concrete  placement. 

c.  Contractor  shall  moist-cure  precast  panels  until  the  concrete 
reaches  a  minimum  strength  of  0.7  f'.  Precast  concrete  panels 
may  be  steam  cured.  Control  of  concrete  temperature  during  the 
steam  cycle  shfill  be  maintained  per  the  guidelines  of  PCI 
MNL-116.  Membrane  curing  compound  shall  be  applied  to  the 
outside  surface  of  the  panel  after  completion  of  the  moist- 
curing  cycle. 

d.  Panels  shall  not  be  erected  until  concrete  strength  has  reached 
6500  psl. 

2.2.4  Tolerances 


a.  Dimensional  Tolerances  for  Precast  Panel  Fabrication 
o  Length:  ±1/2  in. 

o  Width:  ±1/4  in. 
o  Thickness:  ±1/2  in. 
o  Edge  squareness:  ±1/8  in. 

o  Planeness  (measured  with  respect  to  a  straight  line  drawn 
between  any  two  opposite  edges) 

-  Outside  surface:  ±1/4  in. 

-  Inside  surface:  1/2  in. 

o  Location  of  embedments:  ±1/4  in. 

b.  Location  Tolerance  for  Precast  Panel  Erection 
o  Plumbness  or  vertical  alignment:  ±1/2  in. 
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ft. 


o  Variation  in  horizontal  alignment:  ±1/2  in. 
o  Precast  element  joint  to  joint  alignment 

-  Horizontal  joints:  ±1/8  in. 

-  Vertical  joints:  ±1/8  in. 


2.2.5  Finishes 

Precast  panels  shall  have  a  smooth  dense  finish  on  the  outside, 
exposed  surface  such  as  is  typical  of  steel  form  or  high  density 
overlaid  plywood  forms.  The  inside  panel  surface  shall  be  clean, 
free  of  laitance,  and  shall  be  intentionally  roughened  to  an  approxi¬ 
mate  amplitude  of  1/4  in.  The  surface  shall  be  cleaned  by  high- 
pressure  water  spray  immediately  prior  to  erection. 


2.3  EXECUTION 
2.3.1  Preparati on 

a.  Contractor  shall  inspect  and  survey  all  existing  work  prior  to 
fabricating  and  installing  panels.  Dimensional  discrepancies 
shall  be  immediately  brought  to  the  attention  of  the  Engineer. 

b.  Coiitractor  shall  prepare  a  written  erection  procedure  indicating 
lifting,  temporary  bracing,  support  and  alignment  methods. 
Sequence  of  operations  and  inspection  hold  points  shall  be 
identified. 

2  3.2  Erection 


a.  Precast  panels  shall  be  erected  as  shown  on  the  drawings. 
Tolerances  shall  be  as  specified  in  Section  2.2.4. 

b.  Panel  form  ties  shall  be  securely  fastened.  Temporary  supports 
and  braces  shall  be  used  as  necessary  to  maintain  alignment. 

c.  Nonshrink  grout  joint  sealant,  bearing  pads,  and  neoprene  seals 
shall  be  installed  and  applied  as  required  on  the  drawings. 
Care  shall  be  taken  to  prevent  seals  from  being  displaced 
during  panel  installation. 

i 

d.  Form  tie  holes  shall  be  drilled  into  monolith  using  suitable 
concrete  drilling  equipment.  Ties  shall  be  installed  and  set 
using  epoxy  grout  or  polyester  cartridge  anchors.  Form  tie 
grout  shall  be  allowed  to  set  for  a  minimum  of  24  hours  prior 
to  erecting  precast  panels.  Form  ties  shall  be  embedded  and 
grouted  to  develop  a  minimum  ultimate  tensile  load  of  33  kips 
when  tested  in  accordance  with  Section  2.3.3.f. 
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2.3.3  Inspections  and  Tests 


a.  Contractor  shall  be  responsible  for  inspection  of  panel  fabri¬ 
cation  and  erection  activities  to  ensure  that  the  work  conforms 
in  all  respects  to  the  drawings  and  specifications.  Record  of 
inspections  and  inspection  results  shall  be  maintained  for 
Engineer's  review. 

b.  Contractor  shall  inspect  precast  panel  form  prior  to  casting  to 
ensure  dimensional  configuration  and  location  of  all  embedded 

i terns . 

c.  Contractor  shall  inspect  panels  after  installation  to  ensure 
conformance  to  location  tolerance  and  that  panels  are  securely 
tied  and  braced  for  infill  concrete  placement  loads. 

d.  Contractor  shall  sample  and  test  concrete  used  in  panel  fabri¬ 
cation  as  follows: 

o  A  minimum  of  two  sets  of  three  concrete  specimens  shall  be 
cast,  cured,  and  tested  for  each  batch  of  concrete  to  deter¬ 
mine  the  concrete  compressive  strength  at  7  and  28  days. 
Contractor  may  make  additional  specimens  to  monitor  strength 
gain  during  cure. 

o  Determine  slump  of  concrete  mixture  at  time  of  placement, 
o  Determine  air  content  at  time  and  point  of  placement. 

e.  Contractor  shall  provide  to  the  Corps  or  the  Engineer,  for 
independent  testing  and  analysis,  such  additional  cast  specimens 
of  concrete  as  may  be  requested. 

f.  Contractor  shall  install  a  minimum  of  two  additional  form  ties 
and  two  additional  dowels  at  a  convenient  location  in  the 
monolith  as  directed  by  the  Engineer.  Contractor  shall  conduct 
tensile  testing  of  the  installed  ties  and  dowels  to  determine 
the  minimum  ultimate  load  of  the  installed  ties  and  dowels. 

The  minimum  ultimate  load  of  the  tie  or  dowel  shall  be  that 
load  at  which  it  ruptures,  slips  excessively,  or  exhibits 
greater  than  1/4  in.  of  total  deflection  between  the  face  of 
the  monolith  and  the  connection  to  the  form.  The  average  of 
the  two  tension  tests  shall  be  used  to  establish  the  ultimate 
load  of  the  ties  and  dowels. 

2.3.4  Cleanup 

a.  Contractor  shall  immediately  remove  spills  or  runs  of  epoxy, 
grout,  or  other  materials  used  in  the  construction  from  the 
outside  surface  of  precast  panels. 
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Contractor  shall  maintain  work  areas  clean  and  free  of  rubble, 
discarded  product  containers,  packaging  and  shipping  materials 
a'J  other  refuse. 


SECTION  3 

CAST-IN-PLACE  CONCRETE 


3.1  GENERAL 

3.1.1  Work  Included 

The  work  includes  all  materials  and  workmanship  required  for  produc¬ 
tion,  delivery,  placing,  and  curing  of  cast- in-place  concrete. 

3.1.2  Related  Work 

Related  work  includes  fabrication  of  embedded  lock  hardware  and 

appurtenances,  and  fabrication  and  erection  of  precast  concrete 

leave-in-place  form  elements. 

3.1.3  References 

a.  ACI  301:  Structural  Concrete  for  Buildings 

b.  ACI  318:  Building  Code  Requirements  for  Reinforced  Concrete 

3.1.4  Submittals 

a.  Contractor  shall  submit  concrete  mixture  proportions  and  test 
results  as  specified  in  Paragraph  3.2.1. a,  below. 

b.  Contractor  shall  submit  batch  monitoring  test  results  for 
infill  concrete  placements  as  required  by  Paragraph  3.3.3.b, 
below. 

3.1.5  Quality  Control 

a.  All  work  shall  be  performed  in  accordance  with  ACI  301  and  318 
as  applicable. 

b.  Contractor  shall  maintain  records  of  tests  and  inspections  as 
required  herein  and  make  copies  of  such  records  available  to 
Engineer  on  request. 


3.2  PRODUCTS 
3.2.1  Materials 


a.  Concrete:  Cast- in-place  concrete  materials  shall  conform  to 
the  following  requirements: 

o  Cement:  Cement  shall  conform  to  the  requirements  of  ASTM 
C  150. 
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o  Aggregate:  Aggregate  shal'i  conform  to  the  requirements  of 
ASTM  C  33. 

o  Air-entraining  admixture:  Material  shall  conform  to  ASTM 
C  260. 

o  Water-reducing  admixture:  Material  shall  conform  to  ASTM 
C  494,  Type  E. 

o  Pozzolan:  Pozzolan  shall  conform  to  ASTM  C  618. 

Cast-in-place  concrete  mixture  shall  be  designed  to  satisfy  the 
following  requirements.  Prior  to  commencing  operations,  the 
Contractor  shall  furnish  the  proportions  of  all  ingredients 
that  will  be  used  in  the  manufacture  of  cast-in-place  concrete. 
The  mixture  proportions  shall  be  accompanied  by  test  results 
from  an  independent  commercial  testing  laboratory,  attesting 
that  the  proportions  selected  will  produce  concrete  of  the 
required  quality. 

o  Minimum  28-day  compressive  strength:  3000  psi 
o  Maximum  coarse  aggregate  size:  3/4  in.  nominal 
o  Minimum  entrained  air:  3%  to  5% 
o  Maximum  water  cement  ratio:  0.5 

o  Minimum  cement  plus  fly  ash  content:  450  Ib/cy  (5-sack 
mixture) 

o  High  range  water  reducer:  Type  F 

b.  Reinforcing:  Mild  steel  reinforcing  shall  be  new  billet  steel 
bar  conforming  to  the  requirements  of  ASTM  A  615,  Grade  60. 

3.2.2  Accessories 

a.  Hardware  and  accessories  shall  be  incorporated  into  the  work  as 
shown  on  the  drawings.  Hardware  and  accessories  shall  be 
fabricated  in  accordance  with  Section  4. 

b.  Joint  seals  and  joint  filler  materials  shall  be  as  shown  on  the 
drawings. 


3.3  EXECUTION 
3.3.1  Preparation 

a.  Contractor  shall  prepare  a  written  concrete  placing  procedure, 
identifying  placing  sequence,  maximum  allowable  lift  height  and 
placing  rate,  and  including  a  checklist  of  inspections  to  be 
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made.  Contractor's  proposed  methods  of  concrete  placement, 
consolidation,  and  curing  shall  be  submitted  to  the  Engineer 
for  review. 

b.  Contractor  shall  inspect  all  existing  work  prior  to  placing 
cast* in-place  concrete  to  verify  that  such  work  is  complete  and 
ready  to  receive  concrete. 

c.  Contractor  shall  notify  Engineer  at  least  24  hours  in  advance 
of  any  concrete  placement. 

d.  All  embedded  items  and  reinforcement  shall  be  securely  tied  to 
prevent  movement  during  concrete  placement  and  consolidation 
activities. 

e.  Formwork  for  cast-in-place  concrete  shall  be  in  accordance  with 
AC I  301. 

3.3.2  Concrete  Mixing,  Placing,  and  Curing 

Production,  conveying,  placing,  consolidation,  and  curing  of  concrete 

shall  be  performed  in  accordance  with  ACI  301,  and  of  the  following 

requirements: 

a.  Truck  mixers  may  be  used  with  written  approval  of  the  Engineer. 
When  admixtures  are  dispensed  into  the  truck  at  the  site,  truck 
capacities  and  batch  sizes  shall  be  selected  that  enable  thorough 
and  complete  mixing  of  all  constituent  materials. 

b.  All  exposed  concrete  surfaces  shall  be  cured  by  application  of 
absorptive  mats  or  fabric  kept  continuously  wet  for  a  minimum 
of  seven  days  after  concrete  placement.  Membrane  curing  shall 
not  be  used. 

c.  Contractor  shall  measure  precast  panel  movements  and  deflections 
before  and  after  placing  concrete.  The  measurements  shall  be 
taken  at  all  four  panel  corners  and  at  the  top,  bottom,  and 
midheight  along  a  vertical  line  passing  through  the  middle  of 
the  panel.  These  measurements  shall  be  made  for  Panels  P-1, 

P*2,  and  P-7.  The  Contractor  shall  submit  his  proposed  measur¬ 
ing  procedures  to  the  Engineer  for  review. 

3.3.3  Inspections  and  Tests 

a.  The  Contractor  shall  be  responsible  for  inspection  and  testing 
of  cast-in-place  concrete  activities  to  ensure  that  the  work 
conforms  in  all  respects  to  the  arawings  and  specifications. 
Records  of  inspections  and  tests  shall  be  maintained  for  Engi¬ 
neer's  review. 

b.  The  Contractor  shall  provide  the  following  necessary  quality 
control  and  testing  services  for  each  batch  of  concrete  placed. 
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o  Two  sets  of  three  concrete  specimens  shall  be  cast,  cured, 
and  tested  to  determine  the  concrete  compressive  strength  at 
7  and  28  days. 

o  Determine  slump  of  concrete  mixture  at  time  of  placement. 

o  Determine  air  content  of  concrete  mixture  at  time  and  point 
of  placement. 


3.3.4  Cleanup 

Contractor  shall  dispose  of  wasted  concrete  in  accordance  with 
Corps'  requirements.  Mixer  trucks,  pumps,  tools,  and  placing  equip¬ 
ment  shall  be  cleaned  in  designated  areas  only,  and  wash  water  and 
spoil  shall  be  contained  as  required. 
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SECTION  4 

HARDWARE  AND  APPURTENANCES 


4.1  GENERAL 

4.1.1  Work  Included 

a.  The  work  shall  consist  of  furnishing  all  labor,  materials,  and 
equipment  for  fabrication  and  furnishing  of  hardware  and  appur¬ 
tenances  for  the  navigation  lock  repair  mock-up  demonstration, 
as  shown  on  the  drawings  and  as  described  in  the  specifications. 

b.  Hardware  and  appurtenances  include 

o  Horizontal  armor 
o  Vertical  armor 
o  Line  hook 
o  Top  curb  armor 
o  Panel  joint  assemblies 
o  Panel  alignment  assemblies 
o  Form  ties 

4.1.2  Reference  Standards 

a.  AISC  "Manual  of  Steel  Construction",  Eighth  Edition 

b.  AWS  Dl.1-85,  "Structural  Welding  Code" 

c.  SSPC-SP-6  Steel  Structures  Painting  Council,  "Commercial  Blast 
Cleaning" 

4.1.3  Quality  Control 

a.  Fabricator  Qualifications:  The  fabricator  shall  be  experienced 
in  the  fabrication  and  working  of  metals,  including  cutting, 
bending,  forming,  welding,  and  finishmq.  Fabrication  of  metal 
hardware  and  appurtenances  shall  be  performed  in  accordance 
with  the  AISC  Code. 

b.  Welder  Qualifications:  Fabricators  supplying  welded  components 
shall  employ  only  welders,  operators,  and  tackers  qualified  as 
o..'  'ned  in  AWS  Dl.l.  Welding  practices  shall  conform  to 
AWb  Dl.l. 

4.1.4  Submittals 


a.  Contractor  shall  submit  complete  shop  drawings  indicating  all 
shop  and  erection  details  including  materials  of  construction, 
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finishes,  methods  of  fastening,  and  location  of  cuts,  copes, 
connections,  holes,  fasteners,  and  welds. 

b.  Contractor  shall  submit  certificates  of  welder's  qualifications 
prior  to  start  of  work  of  this  section. 

c.  Contractor  shall  submit  mill  certificates  for  structural  steel, 
indicating  specification  compliance  for  chemical  properties, 
tensile  strength,  yield  point,  and  elongation. 

d.  Contractor  shall  submit  catalog  cuts  and  certificates  of  com¬ 
pliance  for  concrete  anchors,  fasteners,  headed  *t.uds,  and 
other  commercial  products  incorporated  into  the  work. 


4.2  PRODUCTS 

4.2.1  Steel 

a.  Structural  steel  shapes,  plates,  and  bars  shall  conform  to  ASTM 
A  36,  unless  noted  otherwise. 

b.  Steel  pipe  shall  conform  to  ASTM  A  53,  Type  E  or  S,  Grade  B, 
unless  noted  otherwise. 

4.2.2  Bolting  Materials  and  Fasteners 

a.  Bolting  material  shall  be  either  ASTM  A  307  or  A  449  as  shown 
on  the  drawings.  Bolts  shall  be  furnished  with  matching  nuts 
and  washers. 

b.  Headed  studs  shall  conform  to  ASTM  A  108. 

c.  Deformed  bar  anchors  shall  conform  to  ASTM  A  496. 

4.2.3  Other  Materials 

All  other  materals  not  specifically  described  but  required  for  a 

complete  and  proper  installation  shall  be  as  selected  by  the  con¬ 
tractor  subject  to  approval  by  the  Engineer. 

4.3  EXECU1 ION 

4.3.1  Fabrication 


a.  All  structural  and  miscellaneous  steel  for  hardware  and  appur¬ 
tenances  s..all  be  fabricated  iri  accordance  with  the  reviewed 
shop  drawings  and  shall  conform  to  the  requirements  of  the  AISC 
"Manual  of  Steel  Construction." 

b.  Welding  of  steel  hardware  and  appurtenances  shall  conform  to 
AWS  Dl.l,  "Structural  Welding  Code."  Type,  size,  and  spacing 
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of  welds  shall  be  as  indicated  on  the  reviewed  shop  drawings. 
Welding  shall  be  accomplished  in  a  manner  which  will  minimize 
distortion  of  the  finished  parts.  Weld  splatter  and  oxides  on 
finished  surfaces  shall  be  removed.  Unless  otherwise  noted, 
headed  studs  and  deformed  bar  anchors  shall  be  welded  using 
automatically  timed  stud  welding  equipment.  The  Contractor 
shall  perform  tests,  as  recommended  by  the  welding  equipment 
manufacturer,  to  verify  proper  operation  and  settings  of  the 
welding  equipment. 

4.3.2  Surface  Preparation  and  Protective  Coatings 

a.  After  fabrication,  all  steel  surfaces  shall  be  blast  cleaned  in 
accordance  with  SSPC-SP-6,  Commercial  Blast  Cleaning. 

b.  Iron  and  steel  surfaces  to  be  embedded  in  concrete  in  the 
completed  work  shall  be  uncoated. 

c.  All  exposed  surfaces  of  hardware  and  appurtenances  shall  be 
given  a  shop  coat  of  zinc-rich,  rush-inhibitive  primer.  The 
dry  film  thickness  of  the  primer  shall  be  2  mils  minimum.  The 
steel  surface  shall  be  prepared,  and  the  primer  applied  in 
accordance  with  the  coating  manufacturer's  recommendations. 

d.  Steel  surfaces  to  be  uncoated  shall  be  free  of  loose  rust,  mill 
scale,  oil,  and  grease. 

4.3.3  Inspection  and  Testing 

a.  Contractor  shall  be  required  to  perform  such  inspections  and 
tests  to  ensure  that  all  work  is  performed  in  full  compliance 
with  the  contract  documents. 

b.  Inspection  and  testing  of  welding  shall  be  in  accordance  with 
AWS  Dl.l,  Section  6. 

c.  Material  and  workmanship  will  be  subject  to  inspection  by  the 
Engineer.  Testing  and  inspection  by  the  Engineer  will  in  no 
way  relieve  the  Contractor  of  its  responsibility  to  furnish 
materials  and  construction  in  full  compliance  with  the  contract 
documents,  and  to  provide  its  own  quality  control  program. 


B18 


APPENDIX  C:  DESIGN  DRAWINGS 
PHASE  II  DEMONSTRATION  PROJECT 


'  I - 

I  !  CONTRACTORS 


Preceding  Page';  Blank 


CNnm  tw 


SECTION  -  TYP  PRECAST  PANEL 


scAi£ii*-r-o- 


**-o»  .  r-4* 


CHAASCR  avp) 


*  LL.4?  \nm 

l  I  i/l* 


ON  -  PRECAST  PANELS 

SCALE  i  IV—  *pwg*  »p_g» 


2 


exterior 

FACC-v^ 


-  1/2"  >*  1/2" 
CHAFER  ITYP) 


TIE  WELO 
PLATE.  SEE  , 


WWBm6-#2.0>.W2.o 

CONTINUOUS 
ALIGNMENT 
ANGLE.  SEE  /TN 


'•  I  '  ^ATE.  SEE  ^ 

'  T '  ■ AO  •  Am 

iOST  M»~3/4*  (CLR) 

>  - — **6*6- W2. 0**2.  o 


CXURIOR 
SURFACE 
CAST  AGAINST 
FORMWORK 


/s-Q 


•cmicai.  uigum  scm» 


CT\  SECTION  -  PRCCAST  PANEL  ’P-l 

Jtf  SCALE 1 1  "•{  *-o*  *  - - 


XCLO  TIC 
PLATE »  SEC  t 


t/V  1 1  ‘..i* 


VCRViCAL  ALIQMCNT 
SCREW#  ICC  ^ 


A86029 

E.OZOUN 

v - 

^0. KOSK i 

D.MAGURA 


_  r°R  CONSTRUCT  I  ON  _ 

"»"<  OttOllMlON 

‘ _  MVIII0N5 _ 

M_J[[rrr  1 1  t  T 

-  PRECAST  PANELS 

sheet  i 


DATE 

APPROVED 

■■  t 

u.  s.  Mir  tNoIwIS 
wtrrwi 
cure# ItCNT  STATION 

CORPS  OF  ENGINEERS 


A86029-2  A 


NCCT 


3/4 


Vi 

f  rf 


-  !/*•  »  l/t" 

chake*  iw 


rm  details, 
*t  /TN 


EX  TCftltt  -I, 

SUXfACE  »«**< 

CAST  AO  INST 


'  Pt«  UK  HOOK 
WAWWAM 
AMOOLCY. 

«c  /T\ 


✓  WS*#-  W2.0*W2.0 


,  fOX  DETAILS# 

« 


^CONTINUOUS 
AL I  CMC  NT 
ANCLE.  Sf 


SECTION  ~  PRECAST  PANEL  'P-7 


y  DtrOMD  IM 
A  WCHOX  PLATE# 
'  ME  fr\ 


•»0-W2.0wfc2.0 


in  CXTERICn 
rACE 


1/2*  »  1/2* 
CHMCCX  ITTP)' 


TOR  DETAILS. 


^CONT  IT-U&JS 

AL  I  CMC  NT 

ancle,  see 


•ECU  ON  -  PRECAST  PANEL'P-6 


NO  SCALE 


C9/C10 


■  M  ANCHQM 

r-r-  <rm 


